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Abstract.  The development of low cost technology based on IEEE 802.11 
standard permits to build telecommunication networks at low cost, allowing 
providing Internet access in rural areas in developing countries. The lack of 
access to the electrical grid is a problem when the network is being developed 
in rural areas, so that wireless access points should operate using solar panels 
and batteries. Many cases can be found where the energy consumption becomes 
a key point in wireless network design. In this paper we present a comparative 
study of the energy consumption of several wireless network access points. We 
will compare the energy consumption of different brands and models, for 
several operation scenarios and operating modes. Obtained results allow us to 
achieve the objective of this article, that is, promote the development of 
wireless communication networks energetically efficient. 
Keywords: Energy consumption, Power Consumption, Access Points, Green 
Networks, Smart Grid. 
1   Introduction 
In recent years, the network devices have evolved to improve network performance 
[1]. These improvements are also happening in wireless network devices reducing its 
economical cost. The development of low cost technology based on IEEE 802.11 [2] 
has facilitated the development of applications for monitoring natural areas through 
wireless sensor networks (WSN) [3] and the development of data networks for 
Internet access for end users. 
The popularization of mobile devices allowing wireless access to networks is 
motivating the municipalities to provide an independent community network to 
provide different services to citizens [4]. 
Furthermore, this type of community networks can offer all kinds of applications 
for-profit and not-for-profit [5]. The municipalities can use these networks to promote 
its economical development, offering applications for business and tourism to 
citizens. At the same time, these networks can be used for remote monitoring of 
parking meters and street lights even the automation of other services [6]. Nowadays, 
wireless access devices can just change the data link layer, acting as a wireless access 
point, or even route between networks, where several common routing protocols can 
be configured [7]. 
Wireless networks offer the possibility to build telecommunications networks at 
low cost, allowing providing Internet access in rural areas in developing countries [8]. 
The lack of access to the electrical grid is a problem when the network is being 
developing in rural areas. One possible solution to this problem is to power network 
access points using solar panels and batteries, so its power consumption becomes a 
key issue to ensure its operation [9]. Moreover, some researchers are proposing new 
intelligent algorithms for the MAC layer that improve the performance of the network 
[10] and, thus, reduce the energy consumption of the wireless devices [11]. 
In this paper, we present a study of the energy consumption in wireless access 
points, depending on the brand, model and its configuration. With this study we also 
sought to determine if the wireless technology and frequency band used affect energy 
usage in the access point. These measures will serve as a tool for designing energy 
efficient wireless networks. 
The rest of the paper is structured as follows, Section 2 shows several previous 
works and researches regarding to consumption and saving energy in wireless access 
points. In Section 3 are shown the topologies and the description of the characteristics 
of the access points used to perform these tests. The obtained measurement results 
and the discussion are shown in Section 4. Finally, the conclusions and future works 
are shown in Section 5. 
2   Related Work 
Currently, there is a great interest in the analysis of the power consumption of 
network devices because ecological and economical reasons. L.M. Feeney et al. in 
[12] present a study about the energy consumption of wireless networks interfaces in 
ad-hoc networks. Several authors have focused their analysis on energy consumption 
from the point of view of the development of software tools. In [13] the authors 
present intelligent equipment allowing the energy saving, using smart routing. These 
tools intend to control the consumption of wireless networks. Another example is the 
work presented in [14], where T. Chen et al. proposed a series of strategies for 
achieving or at least approaching the goals of establishing a "green network", these 
solutions are based on the correct choice of the IEEE 802.11 standard, as well as the 
different devices to form Wireless Networks.  
S. Sendra et al. present in [15] different techniques for saving energy in wireless 
sensor networks. The paper shows how a sensor node must be and the relationship 
between the quantity of information transmitted and the power consumption by the 
hardware used.  Authors have also compared several MAC and routing protocols that 
have been designed to optimize the power consumption without compromising the 
data delivery in wireless sensor and ah-hoc networks.  
But as far as we know there is no study focused on the energy consumption of 
wireless access points from the point of view of their model and their configuration. 
With our work we want to offer a tool for developing and maintaining wireless 
telecommunications networks energetically efficient. So the study presented in this 
paper serves as a reference both to the development of wireless networks in rural 
areas of developing countries and to reduce consumption in wireless networks in 
general. 
3. Scenarios and Hardware Description 
In order to carry out our measurements, we need to test the performance of 
multiple access points of different brands and models. In this section we will see the 
technical characteristics of the selected devices for our study and describe the 
topologies used to fulfil our measurements. To measure the energy consumption, we 
used an electronic device called "Kill a Watt". This device is able to measure the 
electrical voltage, current and power parameters with 1% of measurement error. 
We need different network topologies to compare how affect to wireless access 
points energy consumption all its configurable parameters, especially, when we 
compare energy consumption between a completely wireless network and a half-
wired network. Figure 1 shows the two topologies used to carry out our study. On one 
hand in the Topology 1, the access point is used to connect two endpoints, the first 
one with a wireless connection and the second one with a wired connection, in the 
other hand in Topology 2, the access point is used to connect two endpoints with 
wireless connections. 
 
 
Fig. 1. Network topologies.  
Table 1 shows wireless network access points used in our study and their relevant 
characteristics. 
Table 1 Wireless network access points and its relevant characteristics. 
  Frequency 
band (Ghz) 
Operating 
temperature 
(ºC) 
Internal 
memory 
(MB) 
Flash 
memory 
(MB) 
Max data 
transfer rate 
(Mbps) 
Wireless 
protocol 
Data 
transmission 
protocol 
Cisco Systems AIR-
AP1131AG-E-K9 
2.4 0-40 32 16 108 
IEEE 
802.11a/b/g 
Fast Ethernet 
Cisco Linksys 
WRT54GL 
2.4 0-40 16 4 54 
IEEE 
802.11b/g 
Ethernet, Fast 
Ethernet 
Cisco Linksys 
WRT320N-EZ 
2.4/5.0 0-40 32 8 300 
IEEE 
802.11b/g/a/
Ethernet, Fast 
Ethernet 
n 
D-link DWL-
2000Ap+ 
2.4 0-55 16 4 54 
IEEE 
802.11b/g 
Ethernet, Fast 
Ethernet 
Avaya AP-I 2.4 0-40 16 4 11 
IEEE 
802.11b 
Ethernet 
Ovislink WX-1590 2.4 0-55 16 4 11 
IEEE 
802.11b 
Ethernet 
 
For each wireless access point we define two different measurement cases: 
 First case: the measure of energy consumed at starting state and at steady state. 
 Second case: the measure of energy consumed for both topologies, for each 
wireless protocol and frequency band permitted by the access point: 
o For sending an echo from PC 1 to PC 2. 
o For sending a file of 2.45 GB from PC 1 to PC 2. 
4 Result of measurements 
After configuring the different wireless access points we have tested it using both 
topologies. The energy measurements obtained from the tests are shown in several 
tables and graphs with the goal of compare their values. With these comparatives we 
will determine which access point consumes less energy, and how affect the different 
parameters to energy consumption. 
4.1   Measurements for Cisco Systems AIR-AP1131AG-E-K9. 
The first access point under study is a Cisco Systems AIR-AP1131AG-E-K9. This 
access point can be configured only using protocols IEEE 802.11a, IEEE 802.11b and 
IEEE 802.11g and its power consumption at starting state is 5.1 W·h and at steady 
state is 5.4 W·h. In Table 2 we present the values of power consumption in case 2 and 
in Figure 2 we represent these values.  As we can see in Figure 2 the power consumed 
by this device during transmission is always between 10 W·h and 11 W·h. We 
observe an increase of 2% in power consumption in air-air communication compared 
with air-cable communication. We can also see how the protocol IEEE 802.11b 
usually consumes less energy except in the case of sending a file in the topology 1. 
Finally, the increase of power consumption for activation of the MAC filter is 
confirmed as expected, in this case becomes 2%. 
 
Table 2. Measurements for the second case. 
Power consumption (W.h) 
 
IEEE 
802.11a 
IEEE 
802.11b 
IEEE 
802.11g 
IEEE 
802.11a with 
MAC filter 
IEEE 
802.11b with 
MAC filter 
IEEE 
802.11g with 
MAC filter 
Topology 1 
      
Sending echo 10.3 10.2 10.2 10.4 10.2 10.3 
Sending file 10.5 10.5 10.4 10.7 10.6 10.4 
Topology 2 
      
Sending echo 10.4 10.3 10.3 10.4 103 10.4 
Sending file 10.7 10.5 10.6 10.7 10.5 10.7 
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Fig. 2. Power consumption for second case for Cisco Systems AIR-AP1131AG-E-K9.  
4.2   Measurements for Cisco Linksys WRT54GL 
The second access point that we will discuss is a Cisco Linksys WRT54GL. This 
access point allows only protocols IEEE 802.11b and IEEE 802.11g and its power 
consumption is 5.2 W·h at starting state and 5.7 W·h at steady state. In Table 3 are 
shown the values of power consumption obtained for the second case of 
measurements and in Figure 3 its representation. As we can observe in Figure 3, the 
energy consumed by this access point is considerably less than the consumed by the 
previous model. This model consumes around 40% less energy. From the obtained 
values, is observed for this device that IEEE 802.11g protocol consumes less energy 
than IEEE 802.11b protocol, and as in the previous model, the activation of the MAC 
filter increase the energy consumption, the air-air transmission consume more energy 
that the air-cable transmission and sending a file also consume more than sending an 
echo. 
 
Table 3. Measurements for the second case. 
 
 
Power consumption (W·h) 
 
IEEE 
802.11b 
IEEE 
802.11g 
IEEE 802.11b 
with MAC filter 
IEEE 802.11g with 
MAC filter 
Topology 1 
    
Sending echo 6 6 6.1 6.2 
Sending file 6.2 6.1 6.2 6.2 
Topology 2 
    
Sending echo 6 6.1 6.1 6.1 
Sending file 6.4 6.3 6.5 6.3 
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Fig. 3. Power consumption for second case for Cisco Linksys WRT54GL.  
4.3   Measurements for Cisco Linksys WRT320N-EZ 
In this case we will analyse the energy consumption of the access point Cisco 
Linksys WRT320N-EZ. This device consumes 4.5 W·h at starting state and 4.8 W·h 
at steady state. The values of the energy consumed for the second case of 
measurements is shown in Table 4 and in Figure 4 are represented this values. This 
access point allows the protocols IEEE 802.11a, IEEE 802.11b, IEEE 802.11g and 
IEEE 802.11n. As we can see, this device consumes less energy than the previously 
studied. We note that the IEEE 802.11n protocol is the one that consumes less energy 
but there is two cases in which consumes 1% more energy than IEEE 802.11g. We 
observed the same effect previously regarding the activation of the MAC filter 
comparing topologies and type of communication. 
 
Table 4. Measurements for the second case. 
 
Power consumption (W·h) 
 
IEEE 
802.11a 
IEEE 
802.11b 
IEEE 
802.11g 
IEEE 
802.11n 
IEEE 
802.11a 
with MAC 
filter 
IEEE 
802.11b 
with MAC 
filter 
IEEE 
802.11g 
with 
MAC 
filter 
IEEE 
802.11n 
with 
MAC 
filter 
Topology 1 
   
 
  
 
 
Sending echo 5.3 5.3 5.2 5.3 5.3 5.3 5.3 5.3 
Sending file 5.4 5.4 5.4 5.3 5.5 5.5 5.4 5.4 
Topology 2 
   
 
  
 
 
Sending echo 5.3 5.3 5.3 5.3 5.4 5.3 5.3 5.4 
Sending file 5.5 5.6 5.5 5.4 5.5 5.7 5.6 5.5 
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Fig. 4. Power consumption for second case for Cisco Linksys WRT320N-EZ. 
4.4   Measurements for D-link DWL-2000Ap+ 
The fourth case analyses the consumption of the access point D-Link Access Point 
DWL 2000AP. The power consumption in the first case of measurement for this 
device is 3.4 W·h at starting state and 4.8 W·h at steady state. This access point 
allows only protocols IEEE 802.11b and IEEE 802.11g. In Table 5 are shown the 
values of power consumption obtained for the second case of measurements and in 
Figure 5 its representation. As we can observe in Figure 5, the energy consumed by 
this access point is considerably less than the consumed by Cisco models. This device 
consumes approximately 16% less energy than the model of Cisco (Cisco Linksys 
WRT54GL) offering the same services. In this device IEEE 802.11b protocol 
consumes less energy than IEEE 802.11g protocol, but respect to extra consumption 
generated by the MAC filter, by the second topology and the transmission of a file, 
the conclusions are the same as in the previous access points. 
 
Table 5. Measurements for the second case.  
 
 
Power consumption (W·h) 
 
IEEE 
802.11b 
IEEE 
802.11g 
IEEE 802.11b with 
MAC filter 
IEEE 802.11g 
with MAC filter 
Topology 1 
    
Sending echo 5 5.1 5.1 5.2 
Sending file 5.1 5.2 5.2 5.2 
Topology 2 
    
Sending echo 5.1 5.1 5.2 5.2 
Sending file 5.3 5.3 5.4 5.4 
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Fig. 5. Power consumption for second case for DWL-2000Ap+. 
4.5   Measurements for Avaya AP-I 
The fifth case analyses the consumption of the access point Avaya Access Point I. 
The capabilities of this access point are more limited compared with the previous ones 
and its consumption is 2.8 W·h at starting state and 3.2 W·h at steady state. This 
device allows only protocol IEEE 802.11b. In Table 6 are shown the values of power 
consumption obtained for the second case of measurements and in Figure 6 its 
representation.  As we can see in Figure 6 this device consumes less energy than the 
previous ones, an explanation for this fact is its limited hardware. In this device the 
increase in the energy consumed introduced by the use of the MAC filter is 
approximately 3%. For the rest of parameters studied, we observe the same behaviour 
observed on the rest of access points. 
 
Table 6. Measurements for the second case. 
 
Power consumption (W·h) 
 
IEEE 
802.11b 
IEEE 802.11b with 
MAC filter 
Topology 1 
  
Sending echo 3.2 3.3 
Sending file 3.4 3.5 
Topology 2 
  
Sending echo 3.3 3.4 
Sending file 3.5 3.5 
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Fig. 6. Power consumption for second case for Avaya AP-I. 
4.6   Measurements for Ovislink WX-1590 
The sixth case analyses the consumption of the Ovislink Access point WX-1590. 
This access point has limited capabilities as the previous one, but this device 
consumes around 40% more energy. Its consumption is 4.8 W·h at starting state and 
5.4W·h at steady state. This device allows only protocol IEEE 802.11b.  
Table 7 shows the values of power consumption obtained for the second case of 
measurements and Fig. 7 shows its representation. For the rest of studied parameters, 
we observe the same behaviour observed on the rest of access points. 
 
Table 7. Measurements for the second case. 
 
Power consumption (W·h) 
 
IEEE 
802.11b 
IEEE 802.11b 
with MAC filter 
Topology 1 
  
Sending echo 5.5 5.4 
Sending file 5.5 5.5 
Topology 2 
  
Sending echo 5.5 5.6 
Sending file 6 6.2 
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Fig. 7. Power consumption for second case for Ovislink WX-1590. 
5 Conclusions 
In this paper we present a study on energy consumption in wireless access points. We 
have measured the energy consumption at the starting and steady states. We also 
measured the energy when there are devices sending echoes and files between them 
through the access point and with the MAC filter is active and disabled in two 
different network topologies. In our study we have shown that energy consumption 
increases in all studied models when MAC filter is enabled, sending a file and when 
the communication between computers is air to air. We have also seen that models 
with higher capabilities consume more energy than models with reduced capabilities. 
The results of this study demonstrate that it is possible to optimize the energy 
efficiency of the network using the access point models and parameters suitable to the 
requirements of the network. These factors are very important in places where power 
consumption is critical.  
In future work, we will extend our study to other telecommunication network 
devices such as routers and switches. The choice of network devices is a key issue in 
energy savings in telecommunication networks, so with these studies we sought to 
determine which devices and their configuration are more suitable for the 
development of green communications networks. 
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